Strengthening healthcare system increases the productivity of healthcare spending. To evaluate changes in cost productivity over a five year period (2011)(2012)(2013)(2014)(2015) in 55 OIC's member states. The cost Malmquist productivity index and bootstrap truncated regression are applied to estimate the dynamics of the cost productivity and its determinants in the healthcare system of OIC's member states. Life expectancy and under 5 child survival rate are used as outputs while doctors, nurses, mid wives and beds per thousand population are used as inputs. Public health expenditure is used as input price for measuring allocative efficiency change. The results of the study indicate that the cost productivity increases by 7.9% and the classical technical productivity grows by 8.9%. The increase in the cost productivity is mainly driven by an increase in allocative efficiency and technological change. All the determinants except population growth rate of cost productivity are found significant. Literacy rate and Per Capita GDP have come up the main driver of cost productivity growth. The study concludes that the impact of population growth on the overall shifts in the health production frontier is not significant.
Introduction
Worldwide comparison of the performance of healthcare system provides the enormous possibility for both within and cross-country learning. The evaluation of relative performance may provide policy-makers a benchmark that identifies in which areas the performance is above or below expectations. Furthermore, it provides them with an impetus to understand driving reported performance, as well as guidance for potential solutions.
Most of the healthcare systems have similar goals and face similar challenges, such as demographic change, limited resources, and rising costs. The developed and developing countries have used diverse strategies to address these challenges and in most the developing countries the existing structures and organizations find them in sufficient to cope with these challenges. Thus, the major advantage of international comparison is to provide information regarding different experiences or even act as an experimental laboratory for others (1). Furthermore, these comparisons offer the possibility of exploring new and different options; the potential for mutual learning and even policy transfer; and the opportunity to reconsider and reformulate national policy in the light of evidences.
Cost Malmquist Productivity Index (Cmpi)
The cost Malmquist productivity index was initially applied by (2) to estimate the cost productivity of 30 Greek hospitals over the period 1992-1993. The major advantage of this approach was to determine the allocative efficiency change and price effect which helped to ascertain the decomposable sources of cost productivity dynamics. Another application of CMPI was done by (3) who estimated the three-stage cost Malmquist Productivity index in the biotech and biopharmaceutical industry in Taiwan for the period 2004-2007. The study concludes that CMPI is a relatively comprehensive productivity measure for firms as it includes both cost and input minimization over time.
Using the combined approaches of (2, 4). The cost productivity change of 200 Lithuanian family farms for the period of 2004-2009 was computed by (5). Another study conducted by (6) estimated the trends of technical and allocative efficiency in Lithuanian family farms. These studies pointed out that higher technical productivity growth could have been a bit misleading to conclude the firm's overall performance. Therefore, the addition of cost productivity expands the outlook for the firm productivity. Despite the CMPI's ability to account for all factors of production, there are still other contextual variables or exogenous factors beyond management control that can affect the dynamic cost productivity. Therefore, a second-stage analysis is relevant in exploring their influences. Not many studies have considered the potential second-stage correlates of cost productivity change. The present study is an attempt to handle these issues.
Methods
The study uses cost Malmquist productivity index for measuring cost productivity change and efficiency change of the individual countries for the period 2011 -2015. . For this purpose data for 55 OIC's countries (excluding Palestine) has been collected from World Bank data set and World indicators reports. Bootstrap truncated regression is also used to identify the determinants of cost productivity change over the study period.
The study uses three inputs: (i) a total number of physician per 1000 population (ii) total number of hospital beds per 1000 population (iii) total number of nurses and midwives per 1000 population and two outputs: (i) life expectancy at birth (ii) under 5 survival rate. The total public health expenditure has been used as input prices for estimating cost efficiency change and allocative efficiency change. While Per Capita GDP, out of pocket health expenditure, the prevalence of smoking, literacy rate, and population growth rate are used to identify the determinants of the cost productivity of the healthcare system of 55 OIC's countries. The details of variables used in this study are presented in Table 1 .
Table 1: Inputs, outputs, and Environmental Factors
Early estimations of dynamic technical productivity ignored the input prices and hence, allocative efficiency. The allocative efficiency has to do with how a technically efficient firm can further reduce aggregate cost of securing its output by selecting an optimal mix of inputs given their associated costs. Since allocative efficiency and its change can significantly affect dynamic productivity it should be factored into cost efficiency dynamics (7, 8, 9) parametric stochastic frontier analysis (SFA) and decomposed total factor productivity change (TFP) into technical efficiency change, allocative efficiency change, technical change, price effect and economies of scale effect. But this technique was criticized by (10) and (2) as demanding and practically unrealistic. As noted, the classical technical Malmquist productivity index of (4) was proposed when inputs and output quantities were available but their prices were not available. (2) Extended the technical Malmquist index to CMPI using nonparametric DEA models and decomposed it into cost (overall) efficiency change and cost technical change. The cost (overall) efficiency change can further be decomposed into technical efficiency change (TEC) and allocative efficiency change (AEC), both capturing cost and the cost technical change can be broken down into the standard technical change (TC) and price effect. The CMPI is better defined in terms of cost rather than inputs distance functions or input efficiency scores and is useful when managers minimize costs given input price data.
In stage one, the method introduced by (11) is used and CMPI is decomposed under the assumption of the variable return to scale. The CMPI measures the change over time in cost efficiency. Parallel to the decomposition of production Malmquist productivity index, the CMPI may be decomposed into the effects due to the improvement in production technology, production efficiency, variation in input prices and production scale. The overall decomposition of the CMPI is as follows.
CMPI = ΔPTE×ΔT ×ΔAE×ΔPE×ΔCSE
Where ΔPTE = pure technical efficiency change; ΔT = technical change; ΔAE = allocative efficiency change; ΔPE = price effect change; and ΔCSE = cost scale efficiency change.
Values of the above five components greater than unity suggest deterioration, while values less than 1 indicate an improvement. In the second stage, the computed CMPI scores section is regressed against some environmental factors. A variety of regression techniques have been applied. Following specification has been formed.
CMPI J = α+ ZJ δ + ε J…..J = 1….n
In the above equation, α is the intercept and εJ is the error term and zJ is a row vector of country-specific variables with J supposed to relate to country CMI score. In DEA literature Tobit model has been widely used for estimating the model. However, (12) pointed out that such technique is inappropriate. They suggested another technique that shows satisfactory performance during Monte Carlo experiments as it depends upon truncated regression with bootstrap. The present study uses it to estimate the following model.
Empirical Results
Table 2 presents on average the data of inputs, outputs and environmental factors per year for the five financial years considered under study. This indicates that there is growth in the number of hospital beds, doctors, nurses and midwives per thousand population and at the same time input cost is increased during the study period. Overall, between 2011 and 2015, the growth in life expectancy at birth and under 5 child survival rate are observed. A similar trend is observed in the environmental factors during the period under consideration. The results of the study show that for 55 countries the same number of vectors containing cost Malmquist indices for each period are obtained. The cost Malmquist indices were aggregated across the countries. In order to maintain the integrity of the Malmquist indices the geometric average has been employed. The aggregated data are presented in Table 3 . Table 3 shows that during the study period, 7.94% growth is observed in the cost productivity of the 55 healthcare system of OIC's member countries which is associated with 9.87% allocative efficiency change, 8.98 price change and 8.95% classical technical productivity. During the period 2012-2013, 3.94% growth is observed in cost productivity while 5.81% growth is observed in 2014-2015.
The Malmquist index followed the same pattern of dynamics, albeit it exhibited an increase in the total factor productivity amounting to 8.95% during the study period. It is associated with 9.82% scale efficiency change and 8.88% technological change. During the whole study period except 2013-2014 classical productivity growth is observed. Higher productivity growth is observed during the period 2011-2012 i.e. 9. 78%. Considering the three components of the Malmquist productivity index, it can be observed that the pure technical efficiency change is positive with an exception for the period of 2013-2014 and 2014-2015. , whereas the scale efficiency change and the technology change exhibit some additional features. The scale efficiency change has caused a decrease in productivity during 2011-2012 and 2013-2014 which may be due to changes in the health system structure. The technology change also indicates that the production frontier moves outwards during the study period except 2013-2014. Finally, the two cost productivity indices, namely, change in allocative efficiency and prices, indicate a decrease in cost productivity during the 2011-2012 and 2013-2014 period. These changes are caused by both managerial decisions and rising input prices.
The scores of Cost Malmquist Index of Individual County are presented in Table 4 in which it can be observed that 44% of all the countries' healthcare system have shown regression in cost productivity while 56% countries have experienced growth in their cost productivity. While, in case of classical technical productivity 80% countries have shown growth in productivity and only 20% have experienced decline in productivity during the study period.
The healthcare systems of 28 countries (51%) have experienced improvement in allocative efficiency change while 8 countries (15%) have shown constant allocative efficiency change. A decline in price change has been observed in 30 healthcare systems (55%) while 5 countries (9%) have shown no price change during the study period.
Regression Analysis Of Efficiency Determinants
In order to find the determinants of cost productivity the present study uses truncated regression technique of (12).
In the model CMPI is dependent variable and Per Capita GDP, out of pocket health expenditure as a percentage of total health expenditure, percentage of prevalence of smoking among the population, literacy rate and population growth are independent variables. The level of education, unemployment rate and per capita GDP are factors out of the control of the healthcare systems, and out-of-pocket expenditures is regarded as factor under the control of healthcare systems The results are obtained after 1000 iterations and are presented in Table 5 . Regression (2011-2015) The results show that the coefficient of Per Capita GDP is positive and statistical significant which indicates that an increase in PCGDP leads to an increase in cost productivity. Generally, higher economic growth encourages the government to invest more in healthcare services for improving its quality and cost productivity of healthcare system. Therefore, a higher economic growth improves cost productivity of healthcare system. Out of pocket health expenditure as a percentage of total health expenditures has negative impact on the dynamic cost productivity which indicates that an increase in out-pocket expenditure in total health spending leads to the wastage of resources in public sector which in turn increases the cost of healthcare system which reduces the cost productivity. The prevalence of smoking has negative impact on the cost productivity of healthcare systems of OIC's countries. Our results are in line with (13). The literacy rate has positive and statistically significant coefficient which indicates that an increase in education level leads to an increase in the cost productivity of the healthcare systems. It may be due to the reason that improvement in education level promotes awareness regarding the diseases and relevant preventive measures. It helps the people to improve their health status which enhances the efficiency of the healthcare system. The results also reveal that the population has an insignificant contribution in improving the cost productivity of healthcare systems.
Conclusions
The cost Malmquist index has been decomposed into technical, scale, and allocative efficiency changes which are used for the analysis of productivity dynamics in 55 OIC's member countries. The analysis indicates that the changes in allocative and scale efficiency with the technological improvement give a momentum to the growth in cost efficiency. The cost productivity increases by 7.9% associated with 9.87% allocative efficiency change, 8.9% price change, 9.82% scale efficiency change and 8.8% technological change. The increase in the total factor productivity is mainly driven by an increase in scale efficiency and technological change. The education and Per Capita GDP have positive relationship with the CMPI of the healthcare systems while this relationship turns up negative for smoking and out of pocket health expenditure. Keeping in view the above analysis it is suggested that in order to maximize the cost productivity of health care systems in 55 OIC's countries, the policy makers and health managers should pay proper attention to the factors such as the promotion of public education level, the appropriate use of healthcare providers according to the needs of the population, proper management of the resources of healthcare systems, the allocation of adequate budget to health sector and establishing suitable referral system for providing people easy and better access to health services according to their income and healthcare needs. 
